ASTROLAB is a laboratory course for first year students on a physics and astrophysics degree programme at the University of Birmingham, UK. The laboratory runs for nine weeks with 5 h sessions. For the first seven weeks the students, working in pairs, perform experiments taken from a list of 20 experiments, with data obtained from observatories around the world. The data take the form of images, spectra and astronomical catalogues. In the final two weeks the students undertake a problem-based learning activity, a simple project in astronomy or astrophysics. The laboratory has been running for more than 20 years, and is judged as being very enjoyable and successful by students and staff.
Introduction
Our knowledge of the Universe is obtained from observation from the Earth and from space. Unlike most of physics, in astronomy we cannot perform experiments, but we can make discoveries from analysis of observations. In the first year of our degree courses, it is not possible for our students to make their own observations, so instead we have obtained data from ground-based and space observatories. These data are in the form of images, spectra, and catalogues of photometric and positional data.
The analysis of these observations forms the basis of ASTROLAB. The experiments are designed to supplement and reinforce the content of the first year lecture course entitled 'An Introduction to Astrophysics'. The laboratory also introduces students to the Astronomical Database, for example the PSS/ESO/UKSTU sky survey, a plate collection showing images of the whole sky, star atlases and astronomical catalogues and of course the astronomical material available on the World Wide Web (WWW).
The Astronomical Database is historical and the observed parameters are not given in the normal physics SI units, but instead use a system of magnitudes and colours (B-V), distances given in parsecs and positions given in right ascension and declination. To be able to make any use of the database, students need to learn to use these units.
The aims of the laboratory are to
• encourage students to use some of the skills and techniques learned in the earlier physics laboratory to learn about astronomy and astrophysics and space science, • introduce students to images of the universe, • illustrate concepts introduced in the first year lecture course, • become familiar with the Astronomical Database and • be able to use the system of astronomical units to make astrophysical measurements.
Structure of the laboratory
The laboratory runs for nine weeks at a rate of 5 h/week. For the first seven weeks the students perform experiments from a list of 20. In the final two weeks a problem-based learning (PBL) activity, a project in astronomy or astrophysics, is undertaken. Students work in pairs, and for the first seven weeks are provided with a detailed script, explaining how each experiment should be performed. For the project work, only a single-line description of the project is provided, and the students decide the direction of their project. Most experiments can be performed in one week, but there are a number which merit two weeks of effort. To allow for a range of abilities, all of the main experiments have a bonus section, which the more able students can tackle, if they have time, to obtain marks in excess of 7/10. About 50 students take the course with one academic and four postgraduates supervising.
The experiments
The experiments are divided into three classes: analysis of images, spreadsheets and hardware based. All students are required to do at least one experiment from each class. Students on the new course of Physics and Space Science also attend the laboratory, performing some of the main experiments, but also have specialized experiments for that course. Most of the experiments have been developed in house, but some of the experiments using sky survey material are based on the teaching package designed at the UK Schmidt Telescope Unit (UKSTU) by Bruck (1990) . Most of the sky survey plates are examined and measured on light boxes with either 10× magnifiers with graticules or by stereoscopic zoom (10-50×) microscopes.
Analysis of images
Comet West. An image of Comet West is measured to determine the size of the comet, its distance from the Earth and to show that one of the tails points in the anti-solar direction. Asteroid orbits. An image in the anti-solar direction shows trails produced by the relative motion of the Earth and the asteroids. Measurement of the length and orientation of the trails allows the determination of the inclination of the orbits and the distance of the asteroids from the Sun. Distance to the galactic centre. The angular sizes of a sample of globular clusters are measured on sky survey plates. Assuming a physical size for the clusters allows estimates of the distances to be made. Transforming the equatorial coordinates to Cartesian coordinates allows the centre of the distribution and hence the distance to the galactic centre to be estimated. The number of stars in the galaxy. Stars are counted on sky survey plates in the galactic centre region and the anti-centre. A simple model for the galaxy allows the samples to give an estimate of the total number of stars in the galaxy. Supernova 1987a light echo. Images taken at the Anglo-Australian Observatory show two rings around the 1987a supernova. These are interpreted as being a light echo from sheets of material in front of the supernova. Analysis of the images allows the geometry of the system to be established and the distance between the sheets to be estimated. Vela supernova remnant. Analysis of this image allows an estimate of size and age of the supernova as well as the density of the interstellar medium to be made. The non-central position of the Vela pulsar also provides a useful discussion topic. Star counts in a globular cluster. The students are provided with an image of the 47 Tuc globular cluster with a series of concentric rings superimposed on the image. Star counting allows the determination of apparent star density, which leads to an estimate of the size of the cluster. Three-dimensional modelling of the data can lead to true space density of the stars and a total number of stars in the cluster. The mass of the Hydra cluster of galaxies. A sky survey plate of the Hydra cluster of galaxies is examined and all galaxies above a certain size are marked. The galaxy distribution is determined to obtain the size of the cluster. The radial velocity of some of the galaxies is provided. The velocity dispersion and size of the cluster then leads to the mass of the cluster by means of the virial theorem. Hubble law. The Mount Wilson standard images and spectra are analysed using a simple image processing package to determine distances and redshifts and hence the Hubble constant. QSO redshift. When a small angle prism is placed in front of a telescope, each image of a star or QSO is dispersed into a small spectrum. A prism plate obtained from UKSTU containing a number of quasars is used for this experiment. A microscope with a TV camera and an image digitizer in a PC records the spectrum of the quasars. The position of the Lyman alpha line in the spectrum leads to an estimate of the redshift.
Spreadsheets
Local stellar population. A full description of this is given in Jeffries and Elliott (2003) .
The age of open clusters. Apparent magnitude and colour index (B-V) data are provided for two open clusters of differing age. The students generate Herzprung-Russell diagrams from the data and determine the ages of the clusters from the turn off points. The Herschel Kapteyn Universe. A sample of a catalogue of nearby stars by Gliese and Jahreiss (1991) is provided. Making the same assumptions as Herschel and Kapteyn, the students produce a plot of the distribution of stars in the solar neighbourhood and come to the same, but wrong conclusion, that the Sun is at the centre of the distribution. The trouble with Hubble (optical ray tracing). The students are provided with a simple ray tracing package (BEAM2 available from Stellar Software www.stellarsoftware.com). They learn to use the package by ray tracing a spheroid and parabola and comparing the performance. They then ray trace the Hubble space telescope as designed and as actually made.
Hardware experiments
TV spectrometer. This involves using a direct vision spectroscope coupled to a CCD TV camera and a video digitizer connected to a PC (Elliott and Mayhew 1998) . Images of spectra are captured and analysed with a simple image-processing software. The spectrograph is calibrated using a helium lamp with known line wavelengths. The Balmer lines of hydrogen are measured leading to a determination of the Rydberg constant. Stars versus streetlights. This involves measuring the transmission characteristics of a Schott BG20 filter which has an absorption band at 590 nm and can be used to block NaD street lighting. The attenuation over the whole visible band is compared for a G star and for a sodium lamp, leading to the concept of an improved signal-to-noise ration in the detection of faint stars. CCD characteristics (Space Science). A simple CCD camera is used to demonstrate dark counts, linearity, bias and gain and the effect of cooling. 
Orbits of GPS satellites (Space Science).
A GPS receiver is used to determine the altitude and azimuth of GPS satellites over a period of 90 min. Analysis of the data leads to the angle of inclination of the satellite and the orbital period and hence the orbital radius. Radio receiver (Space Science) . Measurement of the properties of radio receivers from a simple crystal set showing amplitude modulations, detection to a heterodyne receiver with local oscillator and mixers.
Discussion
The ASTROLAB has been operating for 20 years. The laboratory has developed from simple analysis of images in the form of photographic prints, to computer based image analysis, to the use of spreadsheets to analyse astronomical catalogues and the wealth of astronomical material on the WWW. Student feedback (table 1) has been important throughout the development of the laboratory and as a result scripts are updated on a regular basis, often by internal postgraduate demonstrators who themselves took ASTROLAB in earlier years. In some cases taxonomytype astronomical experiments have been removed from the laboratory in favour of more astrophysical or hardware-based experiments. First year students on the course arrive with widely different knowledge of astronomy and astrophysics. Some are simply interested in the subject whereas others are keen amateur astronomers who know of all the classes of astronomical objects, coordinate systems and magnitudes. During the course, the students achieve a working knowledge of the Astronomical Database and the system of astronomical units as well as the tools needed to access and analyse images, spectra and catalogue material. These skills and knowledge are essential for future project and observatory work in the later years of the course and for postgraduate research. The fact that most students are able to make good progress in later project and observatory work shows that the course has been successful in providing the necessary foundation material and skills.
Many of the experiments in ASTROLAB can easily be provided in other universities. If only PCs are available, then the spreadsheet experiments can easily be set up. Suitable astronomical catalogues can be downloaded from the WWW. If light boxes and hand magnifiers with graticules, or low-power microscopes are available, then the teaching packages from UKSTU at the Royal Observatory Edinburgh provide a good start (Bruck 1990) . Further details of the hardware experiments are available from the author.
